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1.0 Introduction
The purpose of this data report is to describe the methods used to collect the different types of samples
during the Field Sampling Program, present the resulting data, and describe the database created for
the manipulation of these data during the Ecological Risk Assessment. The habitat assessment forms,
which were completed during the field-sampling program, are presented and summarized in
Appendix A.

2.0 Overview of Sampling Program
The Field Sampling Program (FSP) occurred between June 14 and June 23, 1999. A second visit was
made on July 2, 1999 to obtain additional water quality and global positioning system (GPS) data. The
various types of data collected during the FSP will be used in the baseline ecological risk assessment
(ERA).

Comprehensive surface water (Section 4.0) and sediment (Section 5.0) data were collected from the
site and reference locations to properly assess ecological impacts from site-related contaminated
sediments and surface water. Surface water samples were subjected to chemical analysis. For
sediment samples, the sediment quality triad (SQT) was employed.

The SQT approach consisted of three distinct components: sediment chemistry (Section 5.0), sediment
toxicity testing (Section 6.0), and benthic macroinvertebrate community analysis (Section 7.0). Data
collected from the habitat assessments (Appendix A) will be used in conjunction with the benthic
macroinvertebrate community data. The sediment triad analysis will be used to evaluate the
sustainability of benthic communities in the potentially affected surface water bodies. The results of
each of these three components will be evaluated against each other in order to arrive at a weight of
evidence determination. This determination will indicate if the benthic community is impaired and
whether the impairment is due to physical, chemical, or biological stressors.

Thirteen stations were selected for surface water and sediment sampling. Eight of the thirteen stations
characterize the site and are located in Halls Brook Holding Area (HBHA) Pond (stations SD-05, SD-
06, SD-07), HBHA stream segments (SD-08, SD-10), HBHA wetland pond (SD-09) HBHA Pond 3
(SD-11) and the Aberjona River downstream of HBHA (SD-13). The remaining five stations are
reference stations. These stations represent background conditions and will be used for comparison to
the site data. The reference stations are located in the Aberjona River immediately upstream of HBHA
(SD-01), South Pond (SD-02), Phillips Pond (SD-03), and Halls Brook upstream of the site (SD-04 and
SD-12). Figures 2.0 through 2.4 depict some of these locations.

In addition to surface water and sediment, benthic macroinvertebrate (Section 8.0), fish (Section 9.0),
and aquatic vegetation (Section 10.0) samples were collected for tissue analysis from these water
bodies.

3.0 Overview of Database
With the exception of the sediment toxicity bioassay data, all data collected during the FSP were
entered into a Microsoft Access database created by Menzie-Cura & Associates. The data were
imported directly from the electronic data validation sheets, thus avoiding the errors associated with
hand data entry. The properties of this database allow instant retrieval, presentation, and basic analysis
(complicated statistical analyses require additional programs) of the data through user-defined queries
and filters. The user should be familiar with Microsoft Access in order to produce proper queries and
reports.

The database consists of four tables containing various, sample-specific data and seven tables
containing descriptive information which are used to define the sample data. The four sample-specific
data tables are called "Samples", "Chemical Concentration", "Environmental Measurements" and
"Benthic Community". The remaining descriptive tables are called "Chemicals", "Data Validation
Qualifiers", "Field Qualifiers", "Lab Qualifiers", "Species", "Station", and "Strata". Table 3.0 gives



an overview of the contents of each table. Figure 3.0 depicts the relationships between some of the
tables in the database.

4.0 Surface Water Collection for Chemical Analysis
4.1 Rationale/Design
Surface water samples were collected at the thirteen sampling stations to assess the concentration of
contaminants in surface water. Figure 4.1 depicts the location of the thirteen sampling stations.
Where the water depth was below 3', a single mid-depth sample was taken. At stations where water
depth exceeded 3' (SD-03, SD-05, and SD-07), two samples were taken at 1' below the surface and 1'
above the bottom. The deep samples were collected to evaluate arsenic exposure in deeper water and
possible arsenic discharge/diffusion from a groundwater discharge and/or desorption from sediment.
Surface water samples were analyzed for TOC (Table 4.4.1), TSS (Table 4.4.2), hardness (Table
4.4.3), arsenic speciation (Table 4.4.5), dissolved inorganics (Table 4.4.6), total inorganics (Table
4.4.7), PCBs (Table 4.4.8), pesticides (Table 4.4.9), SVOCs (Table 4.4.10), and VOCs (Table 4.4.11).

Water quality parameters were also measured at each station, including dissolved oxygen, specific
conductivity, temperature, and pH (Table 4.4.4). At stations where water depth was less than 3', a
single reading was taken at mid depth. At the deep stations, measurements were made at the surface,
above die thermocline, within the thermocline, below the thermocline, and at the bottom.

4.2 QA/QC Procedures
Section 3 of the Quality Assurance Project Plan (QAPP) lists the number of QA/QC samples to be
collected. The appropriate number of field blanks (FB), trip blanks (TB), field duplicates (FD), matrix
duplicates (MD), and matrix spikes and matrix spike duplicates (MS and MSD) were collected for
surface water. The data usability reports, based on the QA/QC samples are in Appendix B.

4.3 Field Sampling Procedures
Shallow surface water samples were collected at mid-depth by lowering decontaminated bottles to the
desired depth and allowing them to fill. Water from these bottles was used either as a sample or to fill
other bottles. Where water depths were less than 0.5', samples were collected with a decontaminated
wide-mouth sampling jar (Figure 4.2). At depths greater than 2', a decontaminated Kemmerer sample
device was deployed from the side of the boat and lowered to the desired depth to obtain the sample.

In all three sampling schemes, performing all surface water sampling before sediment sampling
minimized potential contamination of samples. Care was also taken to avoid stirring up sediment
upstream of a sample location. Cross-contamination was minimized by following a decontamination
procedure for equipment between sample stations. The decontamination procedure consisted of
washing all sampling equipment in an Alconox solution followed by rinses in deionized water,
methanol, and deionized water again.

4.4 Data Summary and Presentation
Figure 4.4.1 summarizes total arsenic concentrations in surface water. Figure 4.4.2 summarizes
dissolved arsenic concentrations in surface water. Surface water data are presented as following:
Table 4.4.1 TOC
Table 4.4.2 TSS
Table 4.4.3 Hardness
Table 4.4.4 Water Quality
Table 4.4.5 Arsenic Speciation
Table 4.4.6 Dissolved Inorganics
Table 4.4.7 Total Inorganics
Table 4.4.8 PCBs
Table 4.4.9 Pesticides
Table 4.4.10 SVOCs
Table 4.4.11 VOCs



5.0 Sediment Collection for Chemical Analysis
5.1 Rationale/Design
Sediment samples from the 0 to 5-cm (upper 2 inches) depth interval were collected at each of the 13
sampling stations (Figure 4.1) to evaluate site-related chemicals in sediment. The sediment samples
were analyzed for TOC (Table 5.4.1), grain size (Table 5.4.2), AVS/SEM (Table 5.4.3), Inorganics
(Table 5.4.4), PCBs (Table 5.4.5), Pesticides (Table 5.4.6), SVOCs (Table 5.4.7), and VOCs (Table
5.4.8). These samples were collocated with the surface water samples and benthic macroinvertebrate
community evaluation samples, and taken concurrently with the sediment toxicity samples.

5.2 QA/QC Procedures
Section 3 of the Quality Assurance Project Plan (QAPP) lists the number of QA/QC samples to be
collected. The appropriate number of field blanks (FB), trip blanks (TB), field duplicates (FD), matrix
duplicates (MD), and matrix spikes and matrix spike duplicates (MS and MSD) were collected for
sediment. The data usability reports, based on the QA/QC samples are in Appendix B.

5.3 Field Sampling Procedures
Sediment samples were collected at the same times and locations as the sediment toxicity bioassay and
benthic macroinvertebrate community samples with a tall Ekman grab. VOC (Figure 5.0) and
AVS/SEM samples were taken directly form the first Ekman grab to minimize loss of volatile
compounds. For the rest of the analyses, a stainless steel spoon was used to scoop out the top 5-cm of
sediment from the Ekman. This sediment was then placed in a large stainless steel bowl. Multiple
grabs were required to produce the volume of sediment necessary for all analyses and bioassays.
When a sufficient number of grabs was placed in the bowl, the sediment was homogenized with the
spoon and the sample containers were filled. Figure 5.1 depicts the sediment sampling scheme. In
between sampling stations, sampling equipment was decontaminated by washing in an Alconox
solution followed by rinses in deionized water, methanol, and deionized water again.

5.4 Data Summary and Presentation
Figure 5.4.1 summarizes total arsenic concentrations in sediment. Figure 5.4.2 summarizes total
pesticide concentrations in sediment. Figure 5.4.3 summarizes total polycyclic aromatic hydrocarbon
concentrations in sediment. Sediment chemistry data are presented as following:
Table 5.4.1 TOC
Table 5.4.2 Grain Size
Table 5.4.3 AVS/SEM
Table 5.4.4 Inorganics
Table 5.4.5 PCBs
Table 5.4.6 Pesticides
Table 5.4.7 SVOCs
Table 5.4.8 VOCs

6.0 Sediment Collection for Toxicity Bioassays
6.1 Rationale/Design
Sediment samples from the 0 to 5-cm (upper 2 inches) depth interval were collected at each of the 13
sampling stations to evaluate the toxicity associated with the site-related chemicals to benthic
organisms. These samples were collocated with the surface water samples and benthic
macroinvertebrate community evaluation samples, and taken concurrently with the sediment chemistry
samples.

The sediment toxicity bioassays will be used to evaluate whether chemicals in sediments are toxic to
benthic invertebrates. Acute toxicity tests were conducted at the 13 sampling locations with the
amphipod Hyalella azteca (Table 6.4.1) and the insect larvae Chironomus tentans (Table 6.4.3). For
stations where the results of acute toxicity tests indicated that survival did not significantly differ from
that in reference locations and control sediments, chronic tests were conducted for these two species



(Tables 6.4.2 and 6.4.4). The sequential testing (acute followed by chronic) eliminated the need to set
up and run long-term chronic tests for sediments in which acute toxicity had already been
demonstrated.

6.2 QA/QC Procedures
Section 3 of die Quality Assurance Project Plan (QAPP) lists the number of QA/QC samples to be
collected. Field duplicates were collected. The remaining types of QA/QC samples (equipment
blanks, trip blanks, and MS/MSD) are not appropriate for sediment toxicity testing.

6.3 Field Sampling Procedures
Sediment samples were collected at the same times and locations as the sediment chemical analysis
and benthic macroinvertebrate community samples with a tall Ekman grab. A stainless steel spoon
was used to scoop out the top 5-cm of sediment from the Ekman. This sediment was then placed in a
large stainless steel bowl. Multiple grabs were required to produce the volume of sediment necessary
for all analyses and bioassays. When a sufficient number of grabs was placed in the bowl, the
sediment was homogenized with the spoon and the sample containers were filled. In between
sampling stations, sampling equipment was decontaminated by washing in an Alconox solution
followed by rinses in deionized water, methanol, and deionized water again.

6.4 Data Presentation
Sediment toxicity bioassay data are presented as following:
Table 6.4.1 Hyalella azteca Acute Bioassay
Table 6.4.2 Hyalella azteca Chronic Bioassay
Table 6.4.3 Chironomus tentans Acute Bioassay
Table 6.4.4 Chironomus tentans Chronic Bioassay

7.0 Benthic Macroinvertebrate Collection for Community Evaluation
7.1 Rationale/Design
The analysis of benthic macroinvertebrate community structure will be used to support the assessment
of possible effects of site-related chemicals on benthic macroinvertebrates. The data (Table 7.4.1) will
be analyzed for taxa richness, abundance, percent dominant taxa, and community composition.

7.2 QA/QC Procedures
Three samples were collected from each of the 13 stations and analyzed separately to provide a
measure of within-station variability. Given this sampling scheme, field duplicates were not necessary.
The remaining types of QA/QC samples are not appropriate for benthic macroinvertebrate community
analysis.

7.3 Field Sampling Procedures
Samples for benthic macroinvertebrate community analysis were collected at the same times and
locations as the toxicity bioassay and chemical analysis samples using a tall Ekman grab. The contents
of each grab were emptied into a bucket and then sieved in a 0.5-mm sieve. The material remaining on
the sieve (sediment, detritus, and organisms) was placed in a wide-mouth plastic jar and preserved with
70% isopropyl alcohol.

7.4 Data Presentation
Benthic macroinvertebrate community data are presented in Table 7.4.1.

8.0 Benthic Macroinvertebrate Collection for Tissue Analysis
8.1 Rationale/Design
Benthic macroinvertebrates were collected from all stations, except SD-05 and SD-12, for tissue
analysis to assess possible effects of site-related chemicals on benthic invertebrates and the organisms
that feed on them. Three different arthropods were collected: amphipods, chironomid larvae, and
odonate nymphs. Due to the difficulties encountered in collecting sufficient biomass for analysis, the
following priority of analyses was developed: 1) all invertebrate samples were analyzed for metals



(Table 8.4.1); 2) when sufficient additional sample was obtained, analysis was also conducted for PAH
compounds (Table 8.4.2); 3) when sufficient extract was obtained for organic chemical analysis, the
extract was stored for possible future analysis of pesticides and PCBs.

8.2 QA/QC Procedures
Section 3 of the Quality Assurance Project Plan (QAPP) lists the number of QA/QC samples to be
collected. The appropriate number of matrix duplicates (MD) and matrix spike and matrix spike
duplicates (MS and MSD) were analyzed. The data usability reports, based on the QA/QC samples are
in Appendix B.

8.3 Field Sampling Procedures
Prior to sampling, it was understood that collecting a sufficient amount of invertebrate biomass for
tissue analysis could potentially be a difficult task. As a result, a framework was developed to provide
guidance in this sampling effort based on the time required to obtain a specific amount of sample. If
less than 0.25 g of sample was collected in a 45-mmute effort at a station, sampling for invertebrates
would not continue. If the initial sampling effort yielded 0.25 g or more of sample, collection
continued for an additional 2 hours and/or until an estimated 5 g of sample was collected.

Sediment was collected for sorting with Ekman and petite Ponar grabs. Using a washing table, the
sediment was washed down in a large sieve and benthic organisms were picked out with forceps,
separated by taxa, and counted (Figure 8.0). A list of length-to-width ratios was used to estimate the
weight of the invertebrates collected. This method was simpler to implement than weighing the
organisms in the field as a considerable amount of water and debris adheres to these organisms when
they are picked and sorted from the sediment. At some stations, amphipods and chironomid larvae
were composited to produce enough biomass for analysis.

8.4 Data Presentation
Benthic macroinvertebrate tissue data are presented as follows:
Table 8.4.1 Inorganics
Table 8.4.2 SVOCs

9.0 Fish Collection for Tissue Analysis
9.1 Rationale/Design
Fish samples were collected to evaluate the impacts to fish from the site-related contaminants
qualitatively and quantitatively. The U.S. Fish and Wildlife Service (USFWS) conducted the fish
sampling to obtain samples for tissue analysis and to assess the fish populations in the site and
reference locations. A draft version of a fishery survey has been completed by USFWS and is
currently under review.

Various fish species representing different trophic levels (predatory, bottom feeding, and forage) were
collected for tissue analysis. Pumpkinseed sunfish was selected as the forage fish species, largemouth
bass (Figure 9.0) was selected as the predatory fish species, and brown bullhead and white sucker
(Figure 9.1) were selected as bottom feeding fish species. Except for forage fish, which were analyzed
whole, fillet, liver (Figure 9.2), and carcass (offal) samples were prepared from each fish. Fish tissue
samples were analyzed for arsenic speciation in fillet (Table 9.4.1) and inorganics in carcass (Table
9.4.2), fillet (Table 9.4.3), liver (Table 9.4.4), and whole body (Table 9.4.5) in order to assess whether
fishes are adversely affected from exposure to chemicals in surface water and sediments. The
concentrations of these chemicals in fish tissue will be used in site-specific food chain models for birds
and mammals in the ERA. These data will also be used in the Human Health Risk Assessment
(HHRA).

9.2 QA/QC Procedures
Section 3 of the Quality Assurance Project Plan (QAPP) lists the number of QA/QC samples to be
collected. The appropriate number of matrix duplicates (MD) and matrix spike and matrix spike
duplicates (MS and MSD) were analyzed for fish. The data usability reports, based on the QA/QC
samples are in Appendix B.



9.3 Field Sampling Procedures

The fish sampling was completed by the U.S. Fish and Wildlife Service (USFWS). The primary
sampling method was electroshocking (Figure 9.3). Trotlines, gill nets, and eel pots were also used.
All fish captured were inspected, weighed, and measured (Table 9.4.6). Fish selected for tissue
analysis were given a sample ID, weighed, measured, put in bags, stored on ice, and shipped to the
analytical laboratory. At the analytical laboratory, the fish samples were stored in freezers.

Fish were filleted and dissected at Woods Hole Group Environmental Laboratories by representatives
of Menzie-Cura & Associates. All fish lengths and weights and tissue sample weights were recorded
and photographs were taken (Table 9.4.6). Fish were also examined for pathology. Those fish fillet
samples designated for arsenic speciation analysis were sent to Frontier Geosciences while the
remainder of the fish samples remained at Woods Hole Group Environmental Laboratories for analysis
of inorganic parameters.

9.4 Data Summary and Presentation
Figure 9.4.1 summarizes total arsenic concentrations in largemouth bass fillet samples. Figure 9.4.2
summarizes organic arsenic concentrations in largemouth bass fillet samples. Fish tissue data are
presented as follows:
Table 9.4.1 Arsenic Speciation in Fish Fillet
Table 9.4.2 Inorganics in Carcass
Table 9.4.3 Inorganics in Fillet
Table 9.4.4 Inorganics in Liver
Table 9.4.5 Inorganics in Whole Body
Table 9.4.6 Individual Fish Data

10.0 Vegetation Collection for Tissue Analysis Rationale/Design
10.1 Rationale/Design
An emergent species, cattail (Typha latifolid) was collected for analysis of inorganics in root (Table
10.4.1) and stem (Table 10.4.2) tissues. The strategy of analyzing roots and stems separately is based
on the feeding habits of muskrat, the predominant aquatic mammal in the HBHA wetlands. These data
will be used to estimate exposure to muskrat feeding on emergent vegetation at the site.

Submerged aquatic vegetation (Figure 10.0) was also collected for analysis of inorganics in root (Table
10.5.1) and stem (Table 10.5.2) tissues. These data will be used to estimate exposure to mammals and
aquatic birds feeding on submerged aquatic vegetation at the site. Submerged species included
Potamogeton sp., Ceratophyllum sp., water chestnut (Trapa natans), yellow water lily (Nymphaea sp.),
and an unidentified, grass-like plant referred to as Plant C.

10.2 QA/QC Procedures
Section 3 of the Quality Assurance Project Plan (QAPP) lists the number of QA/QC samples to be
collected. The appropriate number matrix duplicates (MD) and matrix spike and matrix spike
duplicates (MS and MSD) were collected for vegetation. The data usability reports, based on the
QA/QC samples are in Appendix B.

103 Field Sampling Procedures
Sampling of aquatic vegetation consisted of carefully pulling or digging an individual plant, with roots
intact, out of the sediment and washing off residual material in site water. Root and stem were then
separated by hand or by stainless steel blade.

10.4 Data Presentation
Vegetation data are presented as follows:
Table 10.4.1 Inorganics in Roots
Table 10.4.2 Inorganics in Stems
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Ô
 
O5
 
O5
 
O5
 
O
5
 
O
)
 O
)
 O
)
 O
)
 O
)
 O
)
 OJ

 
O
)
 O
)
 Oi

 
O5
 
Ô
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ĈO 
_

£
 
o

—
 

£
^

N
 

£

i
 §

o
 
o

 £
 
£

0)

•5NCD
O

f
 
-

c
£
|
l
2

f
^

CO 
Q

. 
o
 

C
O

 
*=

 
p^ 

£
f

O
 
O
 ̂

 
O

 -^
 
t
 O

_
 

- 
2

S
Z

 
co Z

 
co

 OQ 
O

I
I
 

I
 

-
I

I
cvj 

r^J c
o

 
c
o
 
^
 ̂

 ̂

<D

fa>
§1-1
=

 
0) 

C
D

CD 
-S

 
-5

CN

2
>

o
 £

S
 <u

O
 2

_ 
a>

j i 5
l

 5
 r

lff
.̂

 
i=

 
c

?
 ?

 8

N
.i^

r
v

.|v
.r

^
r
»

.h
-
r
v

.i^
r
v

.r
^

^
i^

^
i^

r
v

.r
^

^
^

r
^

r
^

r
^

r
^

t^
i^

O
5

O
)O

)C
J

)O
)O

)C
3

5
O

)O
)O

O
>

C
J

)O
)C

J
)C

3
)O

)O
)C

3
>

C
3

)O
)O

)O
5

O
)O

)O
)O

O
5

O
5

o
o
o
o
o
o
o
o
o
o
o
o

c
c
c
c
c
c
c
c
c
c
c
c
o
 o

c
 
c
o
 o

c. 
c
o
 o

c
 c

<D<i)<i>
o

o
o

_ 
_ 

_ 
J
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

O>
 
O
)
 
O
)

O
>
 
O
)
 
O
5

C
 

C
 

C
3

3
3

-5
 
-3

 
~

5
I 

I 
I

?3
^gO)c3

O
)
 O
)
 O
)

C7> 
O)
 
O
>

C3
C

 
C

3
 
3

-5
 
-3

o
o

o
o

o
o

n
c

o
o

o
c

o
c

o
o

o
o

o
o

o
o

o
c

o
c

o
a

o
c

o
c

o
o

o
o

o
o

o
a

o
a

o
o

o
c

o
c

o
c

o
c

o
c

o
C

N
C

N
C

N
C

N
C

N
C

N
C

N
C

N
C

N
C

N
C

N

C
N

C
S

IC
N

C
N

C
N

C
N

C
N

C
N

IC
N

C
N

C
N

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O

C
O



0>

(0CO
"J(0If)(0

S

D
 3

3
3

CO
 

O
> 

O
)> O

>
 CD* O

)| O
>

 O
>

 O
)> CDi O

)i O
T

 O
); 

O
>| CDj C

D
 O

): O
): 

O
>! O

) 
C

O
 O

> O
): O

fc C
O

: O
)' O

> 
O

), .O
>

(O
); CO

* .C
O

 _O
) _O

) _O
> 

C
O

 (O
) _O

) 
CO

0
 

0
 

C
D

 
C

D
 

C
D

 
0

 
0

 
0

 
5

)
 0

 
0

 
0

 
C

D
 

0
 

0
 
0
 
0

0
0

0
5

 
0

!
0

>
0
 

0
 

0
 

0
 

0
 

0
 
0
 
0

0
 
0

0
 
0

 
0

 
0

 
0

 
0

%
 

%
 

%
 

4
 
i
 
5
 
*

 %
 

%
 
4

 
%

:%
 

^
 
^

 
%

!* 
*

 4
 
i
 
5

 
5

 
%

 
%

 
%
 
5

 
%
 
*

 5
 ^

 
5

 
^

 
S
 
3

5
 

%
 

%
 
3

 
%

 
%

coC
M0coCO

a.

O
) 

C
O

 
C

O
: C

O
 

C
O

. C
O

 
C

D
, C

O
i 

O
) ; C0>

^>
 "col's), coi"5) "cO

'"o) ;"cb!"cb>^) !"cfai"cbi"S)["o
<) i^>i"cb! L

3
3

 
3

:
3

:
3

. 3
3

'
3

l3
;
3

;
3

i
3

i
3

3
i
3

I
3

i
3

o
 o

 o

"O
 

T
3 

T3 
T

3 TJ 
TJ 

"O
 

T
3 

T
3 

T
3

O
) 

O
> 

O
) 

O
> 

O
) 

O
) 

CJ) 
O

) 
O

) 
O

): O
) 

C
O

 O
> 

Cfl

^
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 X

. 
^

 ̂
CO 

CD 
CD CO

 
CO

 CD
 CO

 CO
 

CD CO
 

CO
 

CD O) 
CD' CO

3
 
3
 
3

3
 

3
3

3
3

3
3

3
3

 
3
 
3

o
 o

S
 

S
 S

o
 o

 o
to

uo
co

o
 o

 o
o
 o

 o

O
 

J*Z 
O

I'**
3""-' 8

"ro" co J3 
coi^:

01JO6:o

o
 
o
 
o
 
o
 
o

N
 

N
 
N

 
N

 
N

c
 

c
 
c

 
c
- c

0
 
0
 
0
 
0

0
CO

 
CO

 
GO

 
CO

 
GD

o
 J2

C
 

C
 £

 ̂
C
 .£

 
.C

CO 
p

 
O
 
0

0
 
O

J3

T
iY

iS
 
S

:i: 
0 

g
!c

 
co co co to

c
'c

jS
 

S
l
S

P
 
2

°
 

x
 
x

x
 
x

±
;.±

h
Q

iS
 .92 .E

 
3
 3

0
 
0

0
 

0
Q

 a. u. I 
I
X

 X
 i

 J2 z

0 "o
§

8
5-1
S-z
O

T

0JO>,0«-> 
0

IfU) 
CO

2
£

.±i J=
*

 
%

'S
2
 
Z

 Z

O0•S fl>
S- c

IIftC
 

0

00N8
0I0J3o

0
 £

 £
0. Q

. Q
.

0c0N

~
0
 

0

o-S
-5

0
0

0
,5

-5
-5

§
4

b
b

>
, CN

 
C

M
 C

O
D

-
 

T
-"

 
T
-"

 
T
-"

N
- 

r-- 
r>--

O
>

O
) 

O
>

O
)

O
)

I
s-; 

N
; 

C
O

 
C

O
 C

O
O

) 
C

D
 

T—
 

^—
 

T—

8
8
8
8
8
8
 8
8
8
8
 8
 8
 8
 8

 8i8l8!8^8:8 8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

C
;
C

i
C

l
C

 
C

 
C

C
 

C
 

C
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

 
C

C
D

iC
D

C
D

C
D 

Q) 
CD 

CD 
0 

Q> 
CD 

CD 
CD 

CD 
CD 

CD 
CD 

CD 
CD 

CD 
CD 

CD 
CD 

CD
CD

C
 

C
 

C
 

C
 

C
 

C
C

-
C

C
^

C
C

;
C

C
:

C
!

C
CD 

CD 
CD 

CD 
CD 

CD 
C

D
C

D
C

D
C

D 
C

D
C

D
C

D
C

D
C

D
CD

fl) 
fl)

.CD 
C

D
 

fl) 
fl) 

P
 

fl) 
9

0
 

C
D

 
C

D
 f
l
)
f
l
)
 0

 
0

:
0

<
D

'
C

D
0

0
t

0
'

C
l

) 
<

D
iQ

>
i(D

iC
D

'0
^

0 
C

D
 

0
 

0
 

0
-

0
0

 
0
 

0
 

0
 

0
 

0
 

0
0
 

0
 

0
 

0
 

0
 

0
*

0
a

 a: cn cc. x. a: a
 a: a

 oc aia: ULQLQIL\U.\a:\u:\c£\a: 
OL x. a: a: cc a: a

 cc a: a
 a

 a
 a

ia o: a: oc DC a:

CDCDC3

O
) 

O
)

CD 
O

)
O

) 
O

) 
O

)
CJ) 

O
2 

O
)

O
) 

O
> 

O
)

O
) 

G
> ^O

)
O

) 
O

) i O
)

O
> 

O
) 

O
)

O
3 -O

> 
O

) ^O
) \

O
 

C
D

 
C

D
 C

D
 l

JO
) 

O
) 

O
)

:O
3 

C
D

 C
D

C
 
C
 
C
 
C
 
C
-
C
-
C
i

C
 
C

oo co co co oo oo co oo co oo ao oo co

c
 

c
 

c
<
 c

: c
 

c
3

3
 
3

i
 3

:
 3

 
3

~
3

 
~

3
 j~

3
-~

>
!-3

 
~

3
i 

i ' 
i 

l 
I

I
CO

 
CO

 ' 00 
CO

 
CO

 
f^Q

O
)
 O> 

O
)
 CJ> 

O
)
 
O
)
 O
)
 O> 

O
)

O
)
 O
)
 O
)
 C
D
 O
)
 O
)
 O
 
O
)
 O
)
O
)
 C
D

O
)
 O3

CD
 
CD
 
CD

CD
 
CD
 
CD

O
)
 O
)
 O
)

CD
 
CD
 
CD

oo oo oo oo oo co oo oo oo oo oo oo oo oo oo oo oo

co co c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o co co co co^co co co co co c

o
c

o
c

o
c

o
c

o
c

o
o

o
c

o
c

o
c

o
c

o
c

o
c

o
ro

o
o

c
o

-^
--*

^
-



COCMCO
Q

.

<D
. 

.
*Q> 

'(D
0)

0)
*CO

(D
"<D 

"(D 
'(D

 
"5> 

Q) 
5) 

<D f'fl) 
"55 

Q) 
<D f Q

)  f *0) 
<D 

<D 
*Q

) 
<D 

<D 
Q) 

<D 
fl) 

"<D 
Q)

O> 
O

) O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O> 
O

) 
O

) 
O

) O> O
) 

O
) 

O
) 

O> O> O
) 

O
) 

U> O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) O> O

) 
O

) 
O

) 
O

) 
O

)

O
) 

O
) 

O
)O

)O
)O

)O
>

U
>

O
)O

) O
> O

J 1 O
) 

O
k O

) 
O

) 
o> O

) 
O

) 
O

) 
O

) 
O> OV u> O> 

G
) 

O
) 

Q
) 

Q
) 

O> 
O

) 
O

) 
Q

) 
O

) O
> O

) 
O

) 
O> OX

3
3

D
3

r
3

3
I

3
Z

>
3

D
3

3
D

3
3

D
3

D
D

3
D

3
3

D
I

3
D

3
3

3
D

3
Z

I
D

3
3

D
D

D
D

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

_ «
Q

 
£

o
 
o

0) 
0) 

"5
-C

 
-C

 
C

Q
. 

Q
. C

D
o

 
o

 .c
t. 

t
 

CL
£
 
°
 o

1
1
1

_ 
I— t— 

9
Q

 in to O

0)
oC

 
—

 
w

0) 
O

 
C

£
 

C
 

<D
Q

. fl) 3

a>
0)

•<- 
CM

 
CM

 
CM

E
î 
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û

i
,1

v-p:j-,'
T

"''-o
,£

&
 
O

-

18' J
t

Ey***s^
o

nsB(0

3
D

C
O

 
C

D

1
 1

£?* 
£
*

"O
 

T
J

o> o>

1?]?

C
M

 
C

MCDCO

,1,1-Trichloroethane
,1,2,2-Tetrachloroett

O
5 

O
5

O
) 

O
5

C
. 

C
3
 
3

j 
^
)

t~~ 
f^

CO
 

CO
1- h-

m
 in

oo oo

D.cC
O

1£•
"Ol>C
M,1 ,2-Tnchloroethane

0
5ic3
J1

moo

Z>C
O

1T̂
J

"aCM,1-Dichloroethane

O
5c3^
^

I
s-

COoo

DC
O

1£
>

•DIC
M,1-Dichloroethene

C
D

0
5C3^
î
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ÎCMQCO

38s

Surviva

cIDCD
5mCO

19IB

X8CO8?00

38!enp:T
—«cCDCD

ceoomCOICM5CO

65s

Surviva

?,5CM

IsH<8i33ip:38££CD
C

t

8ctmCOxCN

QCO

00CM

"co

"° u!
!&ij§ 1
2

 zCM

Isll<8i33i38C0)(Dcc8o:mCOxC
M

QCO

iCMo•g,

1ccoCD
5C

N

=
 s

"co 
-*^Xo0enCO3en8?3«cCDCD

8mCOxCM5CO

*

SurvivaccoCD
iooCM

f
f
lX8o853CM1S3SCO

IT
)

QCO

i-gj

1i*S

- 
"?

o S
S

. 
N

•y- 
T

O<8155§iCN-

sCO

mQCO

*1cos5mCO

=
 

<?
CD 

c3Io0en3C
M

3iPa§CD

CO

inQCO

*CO|COs2C
M-
t

|
|

X813CM31CMCM3CD

CO

mQCO

<DC
OE

•5
£

|
l

ifc 
c

2
 ZC

N

=
 
S

x" ™IO013CM31CMCM3£CO

inQCO

C
D

^
-

•§
,

CD

1SCD
2CN

19IBiooO
)

O
)

O
)

55CMcnS
i

§CD

CO

inQCO

3
5Surviva

cCO<D5OOCN

i! -*p 
roiooC
O

8?25C
N

3COcSCM3aCOQ_DQinQCO

1O
)

1DcCO0)
5ooC

M

-
 S

2
. N

X
 

raX8cn3§O
)

§S
i

£CO

Q
.

DinQCO

CO>4—o



a(0(0rao_o2j=ou"5I
•

<Dra

3•- 15

3o
 i

'C
 

2^

i
2

*
J

o
 ^

«
3

C
 
»

.2
 tt«

3nQ
.

I&08I

S
i

|1* 2

f
t

1
 =

_•r
a
 0

Ok
|

*•»
 

0

co "Sa:

CD
|Ca>•o0)
•3.ninVO

*S?3COcC
O

C
D

SinC
O

199> 
N

± s<8enenen55S810)

COQ_QinQCO

*CO3cocraCDSC
M

T
f

— <s
®

 
m

"ra 
tj

X
 
«<8O

)
enen§851sCOQ

.

QlAQCO

CDra
-

 
§

°
 u!

1
 *•

z
 

•£*

1
 iC
M

19?
, N

x
 S<8enenenC

N

S851COQ
.

Qu
p

QC
O

a>

^jC
D

1QCCOCD
5C

M

—
 
"
,

IS
, N

X
 

™<0Oen8!C
N

8!enSCOa.aQCO

**§>cocra2co

CO 
_

"
*

 C
D

5
. N

±
'SXoo1185enSCOSD-06 HBHA

jlO
)

*j"§
)

1QI0
0

C
N

=
 
S

±-aXoo§I851sCOSD-06 HBHA

*aS§C
O>'?3cocCOCD
5inC

O

Mt'H<8S1i1sC/JSD-06 HBHA

*5
8

eninS3cora5C
N

—
 
^

®
 

m

±
'SX885I851sCOSD-06 HBHA

*inocpra
^

 E
°

 i?

1
 ̂

3
 

(D
z •»

i 1
2
 zC

M

=
 ^

x
 
SX8§1gC

O

C
O

(/)SD-06 HBHA

•E0*^C
D

10craCD
2C

N
T

t

IIx y<ooO
)

8518!enC
O0
)

COX00CO0QCO

*ra?3cocraCD
5C

O
C

M

-
 

<?
0
) 

JJ

X
 

r
aX0oen85185enC
OSCOSD-07 HBHA

i_ra0
)

QcraCD
2C

O
C

N

~
 
"
.

—
 

C
D

X
 

ro<0O1I8COO
j

comxCDQCO

5
8

5r*3cocraCD
2inC

O

-
 

<?
l
|

X
 
«<0oen1SC
O

W

SD-07 HBHA

'">3COcSSC
M

19ra 
T,

± «X8enenen1851comIoQCO

CDraE
°

 £

1
 *

Z
. ̂

c
 

S
S

Q(D
2

 zC
N

=
 
1

|
|

^

I885enien8!£COSD-07 HBHA

C
D

„O
)

1Qc5C
M

-
 

«!
1

 8
™

 
fi

±
 
»Io085enien1COSD-07 HBHA

*C
O

0
02cf3cocraCD

2C
O

C
N

=
 
S

X
 
«Xoo8C
N

cn8?1CD

C
O

CO

QCO

C
D

eninC
N

C
3

„C3)

1cr
QczraC

D

20
0

C
M

|
f

±'SI8enenentNa>CNCU

CO006CO

0
?

§raF3cocraC
D

2inC
O

1
1

X
 
«<8enencn55S8!enC
M

C
SI

COcuCO°pQCO

CD**—OCOcuo>CO
Q

.



ra(AwraOmUnoN<B

ICNI
T

T
C

Ora

3f 1
1

1
°

f
<0»

3
 ̂

z
is

 3

|,5^|"•g1oijiIIl|§• «

I
|

Ii|3s io«iC^0)Q
.

EnCOc=

aKg

Surviva

craCD
2CMT

f

o5 "

IS

X8155§CO8!§sCO0
0

Qto

inCM01ra

°
 1

|
i

*!CD 
0)

CM

Hyalella
azteca

XooCO551CMSCO

CO

QCO

co

o"§>

1Ora5CM

Is

XooCOCOCO55S85C
D

1SCO00QCO

a?INCO

.1COmCD
20

0
C

M

isIB<oo85C
O

55i1ScoC
O

aCO

co

CMd!>1Q§0
0

CM

Is—
 
£<ooC

O

8555iCM*

SV
)

enQCO

3*inO
O

.1CO§inC
O

I!X  
ra<oo85C

O

55§CM*
S

ISV
)

COQCO

3?S.1ĉoc5CM
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)ro

Q
.



**

COeuO_c(0(0OO
)

_«JQ(0

o>
O

) .
O

) 
O

) 
O

> 
O

) 
O

) 
O

) • O
)

o> O
) o

 o> O
) o> o>

c
c?c

O
> 

O
) 

G
)

O
>

O)
O

>
 

O
5

O
) O

)O
>

O
>

O
>

O
)O

)O
>

O
>

a
>

a
)O

)O
)O

)o
>

o
> a> o>

O
)O

)O
)O

)
O

)O
7

O
>

O
>

G
)O

>

3
 
3

C3

in in in in in in in in in in in in in in in in in in uS

C3
c
 
c

3
 
3

-? •?

C
C3

C
M

C
MsCO

Q
.

-
.

.
-

.
.

. 
. 

. 
. 

.
.

>
.

.
.

.
-

. 
. 

. 
.

.
.

.
. 

. 
. 

.
.

.
.

.
.

.
.

.
.

.
.2* 2* .2* .2*.2*.2^.2*".2*1.2* .2* .2

.̂2^'.2
.̂2* 2* Q

' 2*
: 2*\2* 2* 2*- 2* 2* 2* 2* .2* .2* .2^ .2* 2

'̂.? ?
 2^.2* .2* ?

 ̂
*<D "d> '0

 '<D '03 "fl> '<D *<D ' *<D *S'*3) 'o> 'o *<D  ! "<D *fl) *Q
} :'o '0 '55 "ID '55 '55 'o> *o> '5> '55 *Q) '®

 'o> '55 "<D 'o> '<D 'o 'o> '55
5

5
5

 
5
 
5

5
5

5
5

 
5

5
5

5
5

5
5

5
5

5
5

5
5

 
5

5
5

5
5

5
5

5
5

5
5

5
5

5
5

<
5

5
5

5
5

5
5

5
 5

0) 
0) 

0) 
0)

5
5

5
5

O
) 

O
) 

O
) 

O
) 

Q
>- Q

) 
O

>

Q
) 

Q? 
4
) 

O
 

Q
) 

0
) 

4) *
5
 
5
 5

5
 
5

5
5

O
) 

O
 O

) O
> 

O
> 

O
) 

O
> 

O
)

' O
) O

) 
O

): O
>- O

) 
O

) ; O
)' O

) ; O
) 

O
> 

O
> 

O>- O
) 

O
 O

) 
O

>' O
) 

O
) 

O
>

^
 ̂

 ̂
 

^
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

 ̂
 ̂

a> O
) o> o> o> o> o> o) o) o> o> o> o> o> o> o> o> o> o

 o> a> o>
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E

O
 
,_
 
«

 ,_
 
O

 O
 O

 v
-
 
O

mO
o
 ^

 «
 ,_ o

 o
 2

T
-
 

O
 

*
-
 

^
~
 

T
-

T
-
O

T
~

o
t
f?

u
?

,
s
,

i
r!

T
~

^
d

'
~

o
c

)
c

>

- 
-. 

- 
- 

-- 
-- 

- 
- 

- 
-. 

- 
—

 
- 

C
O

 C
O

 C
O

 C
O

 l 
C

O
 

C
O

 
CO

 
C

O
 C

O
 C

O
 C

O
 CO

 
C

O
 

C
O

 C
O

 C
O

 C
O

 C
O

 CO
 

CO
 

C
O

 C
O

 C
O

 C
O

 CO
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
C

O
 

C
O

 
C

O
 

C
O

C
O

 
C

O
C

O
C

O
-

C
O

C
O

C
O

C
O

C
O

C
O

 
C

O
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

C
O

{
O

(
U

C
O

(
D

C
D

(
U

C
O

(
{

j
n

3
C

O
(

0
(

U
(

O
C

U
(

D
(

O
C

O
(

0
(

T
3

(
D

C
D

(
Q

(
0

(
U

C
O

(
D

(
D

C
U

(
U

C
U

(
O

C
U

(
U

(
O

C
O

(
U

C
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

3
 
3
 
3
:
3
 
3
 
3
J
3
 
3
 
3
3
 
3
3
3
 
3
 
3
 
3
3
 
3
3
 
3
 
3
 
3
3
 
3
3
 
3
3
 
3
3
3
3
3
3
3
3
3

CO C
Q

Q
O

 
C

O
 O

Q
C

D
G

Q
 

C
O

C
Q

C
Q

 
CO

:CO 
C

O
C

O
 

QQ 
C

O
 C

O
 fn

fQ
^

^
^

^
fflr

n
r
n

flfir
r
ifn

r
n

r
n

fin
ftin

^
fin

r
n

r
n

C
 
C

o
o

C
 
C
'

o
o

C
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
C

o
o
o
o
o
o
o
o
o
o
o
o
o
o

C
 

C
 

C
 

C
 

C
 

C
C

C
C

C
C

C
C

o
o
o
o
o
o
o
o
o
o
o
o
o

in in in m
 in in in in in in in in in in in in in in in ao oo oo oo oo CD oo o

o
c
o
o
o
a
o
a
o
o
o
c
o
c
o
o
o
o
o
c
o
o
o

•^••^•^••*-«t-^-'*'*TrTt^-T}- -<t 
-̂ >«• •<* •* •* ft 

•* 
t̂ •* 

r̂ •* •*Tj-^Ti--^-^-Ti--«tTf'<tT}-T}--«}-Tj
C

S
IC

M
C

M
C

N
C

M
tN

C
M

C
N

C
N

C
g 

CN CM 
CN 

CN CN 
CM

 CN CM
 CM

 CM
 CM

 C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

i/5
c7

5
co

w
w

c/5
iy)O

T w
 c/5

<7>
i/5 c/5 w

coco-co
/

/
w

c7
5

t7
>

w
co

w
c7

5
<

/5 c/5
C/J

~O
 

"U
 

"O
 

"O
 

*O
 

"U
 

~O
 

"U
 

"O
 

^3 "D
 
^

 "O
 

^3 TD 
"O

 
^3 "D

 
^3 "^ 

^3 
"U

 
"U

 
"O
 
^
 ^

 T3 "O
 
^

 
"D

 
"U

 
"D

 
"O

 
"O

 
"O

 
"O

 
"O

 
"O

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

C
C

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
'

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
Q

. Q
- 

Q
- 

Q
- 

0
. 0

. Q
- 

Q
. 0

- 0
- 

Q
.Q

-Q
.Q

.C
L

Q
.C

L
Q

.Q
.O

-Q
.C

L
Q

.Q
-0

-O
-Q

.O
.Q

.C
L

Q
.C

L
Q

.Q
-Q

-Q
.C

L
Q

,

I
 
I
 I
 I
 I
 I
 I
 I
 I
 I
 I
 I

I
I
 
I
I
 
I
I
X

I
I
I
I
I
I
I
 I

I
 
I
I
I
I
I
I
I
I
I
I

C
O

C
O

Q
Q

O
O

O
O

O
Q

O
Q

O
O

O
Q

O
Q

C
Q

O
Q

O
O 

C
O

 00 
CO 

C
O

 C
O

 00 
C

O
 

H
^

C
P

^
^

^
^

^
^

^
^

'^
C

Q
f

l
^

f
f

i
r

O
C

Q
f

f
i

C
Q

I
 
I
 
I
 
I
 
I
 
I
I
 
I
I
I
 
I
I
 
I
 
I
 
I
 
I
 
I
 
X

 
X

X
 
X

X
X

X
I

I
I

I
I

I
I

I
I

I
I

I
I

I



</>(Aro8(0o£t/>o'En
"o01o>_o>n

c
c

3
3
c
c
c

3
3
3

~
~
"
c
c

3
3

~
~
c
c

3
3
c
c
c

3
3
3
c
c

3
3
c
c

3
3
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
:
3
3
3

"
"
'
~
"
~
'
'
'
~
~
"
"
"
~
"
'
'
'

CMCM

C
M0)O
)

0}
Q

.

O
>* O

>^

O>
 
O>
 
O
)
 O
)

,̂̂
 i^ 1

O
>
O
)
O
O
)
Q
)
O
>
O
)
O
>
O
)
O
)
O
>
O
>
O
>
O
)
 O
)
 u
)

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

)
O

>
O

)
O

>
O

)
O

)
O

>
O

>
O

>
O

>
 

O
) O

)
O

)
O

)
O

>
O

)
O

>
O

>
O

)
O

>
O

>
O

>
O

>
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

_
T- m

 
•̂

(
T

]
C

O
C

D
C

O
C

O
C

U
C

Q
C

Q
(

Q
C

D
C

O
C

O
(

O
C

O
C

O
(

D
C

O
C

O
C

O
C

D
C

O
(

D
C

Q
<

D
C

O
C

O
n

)
C

O
C

O
C

Q
C

O
C

D
C

O
C

O
C

D
(

0
(

O
C

O
C

^
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

C
Q

D
D

O
Q

C
Q

C
D

Q
Q

C
Q

D
a

Q
Q

Q
D

C
Q

C
D

C
Q

C
D

O
Q

C
Q

O
D

C
Q

O
Q

C
D

C
Q

C
Q

O
Q

O
Q

C
Q

D
Q

O
Q

O
D

C
D

C
O

C
Q

C
Q

C
D

O
Q

O
Q

O
Q

C
Q

C
Q

C
Q

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

O
O

O
O

O
O

O
O

O
O

O
O

O
O

i
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
Q

C
D

C
Q

C
D

C
Q

C
Q

C
Q

O
Q

C
Q

C
Q

C
Q

C
O

O
Q 

CQ 
00 

r
n

r
flr

n
n

^
r

fir
f^

r
n

r
n

ffn
r

n
r

n
ffir

r
>

r
n

ftir
n

fn
fn

iT
\fin

fn
r

n
r

n
fT

f)

T—
 

T
-

T
-

T
-

T
-

T
—

 
T

-T
—

 
T

—
T

—
 

T—
 

T—
 

T—
 

T—
 

T—
 

T
-
T

-
T

—
 

C
D

C
O

C
D

C
D

t
D

C
D

C
D

<
O

<
D

t
O

t
O

C
D

C
D

t
O

C
O

C
D

C
O

C
D

C
D

O
)

in
v

n
in

io
m

m
io

m
in

to
L

O
in

in
io

in
in in,in lo

c
o

c
o

c
o

c
o

ro
c

o
fo

c
o

c
o

c
o

c
o

c
o

c
o

c
o

n
c

o
c

o
ro

c
o

c
o

(
N

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

 
(N

'C
M

 
C

M
 CM

 
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

N
J

C
M

C
M

C
S

I

~
 
~

 
~

 
*~* 

*y



re (AV)rereO_c(0o'5reO
)

CNo>

9

§
O

> 
O

 
O

 
O

) O
) 

O
) 

O
) 

O
> 

O
V

O
) 

O
3 

O
)

O
> 

O
) 

O
> 

O
> 

O
) 

O
> 

C
D

 O
) 

O
V

O
) 

O
 

O
)

c
c

O
) 

O
) 

O>
O

) 
O

> 
O

)
C7) 

O
 

O
) O

)
O

5 
O

) 
O

) 
O

)
O

) 
O

) 
O

a> a> a>
O

3
O

)
O

)
O

)
O

)
O

)
O

>
O

)
O

)

co co co co co co co co co C
O

C
D

C
O

C
O

C
D

C
C

S
C

D
C

O
C

O

D
 D

 
D

 Z> 
O

 =
) D

O
 

D
 D

 D
D

 D
 

D
O

 
D

D
D

D
D

D
D

D

O
)

. .
.2* .
' 

'

..5* .
" 

"
.2^ .£?• .2*- .£P

'.2* ; 2** .2*'.2^ .2*'.2*1 2
.̂2

.̂2
* .2

.̂2* 2* .2* .2
.̂2* 2* 2* .2^ .2* .2* .2* .2* .2* .2* .2*

Q
) 

O
 

G
) 

Q
) 

4
) 

0
) 

O
J 

0
) 

Q
J 

Q
)

5
5
5
5
5
5
5
5
 
5
5
5
5
5
5
5
5

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
U

O
> 

O
) 

O
)

\j^ 
^^ 

^^ 
'

O
) 

O
> 

O
) 

O
> 

O
> 

O
) 

O
) 

O
) ! O

) 
O

)'

O
> 

O
> O

) 
O

) 
O

)
E

 E
 E

 E
 E

.
O

>
; O

>
 

O
>

 
O

>
E

E
E

E
E

E
E

E

5
!5

 
5
 5

 5
 5

 5
 5

5
5
 
!

 I
 jj J

 jj
'55 'S3 '55 35 33 35 35 35 33 35 35 

35
5

5
5

5
 
5

5
5

5
5

5
5

5
in

CD, O
)
 O
)
 O
)
 O
)
 O> 

O
 
O
>
 
O> 

O> 
O> 

O> 
O
 
O> 

O
)
 O
 
O
)
 p> 

O
)

>• O
)
 O
)
 O
)
 9>
 
D
)
 O
:
 O
)
 D
)
 O
)
 O
)
 O
>
 
O
)
 O
)
 O>

 
O
)
 O
)
 O
)
 O
)
 O> 

O>
 1

E
E
E
E
E
E
E
E
E
E
 
E
 
E
 
E
E
E
E
E
E
E
E
E
E

U3
 
•*
 o

C
)
 ̂

 T-
 
*"

0
0
^

 ^_ 
O
 
T

CM
V
O
'
g

O
 
C
M
 CO 

o
 
Q
 
C
M

.?
 
•*

 
,
_
:
"
?
.
<
*
?
 
0
:
0
 

CN
o

 
If) IT) 

IT) C
O

•>- 
O
 
C
)
 

O
 
N^

CO 
C/> 

(O
 

(/> 
<O

 
tf> 

(A
 

M
 

(
/

)
C

/
>

M
U

>
i

(
O

C
/

>
(

/
>

V
>

M
C

/
>

C
O

(
/

>
(

0 
(/>

(/) 
(0 

(/>
(/>

 
C

O
CO 

CO 
CO 

(O 
CO 

CO 
CO 

M 
CO 

CO 
</) 

CO 
tO 

tO 
tO 

CO 
t/) 

tO 
CO 

CO 
CO 

C
O
C
O 

CO 
CO 

C
O
C
O
C
O 

CO 
CO 

CO 
CO 

CO 
CO 

CO 
CO

S S
 3 3 S

 3 3 3 3 5
'8

S
;3

'3 8 8
3 

3
:3

 3 S
 3 3 3 3 S

 3 3 3 3 3 3 8
^3 3

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

3̂ 
3̂ 

3̂ 
3̂ 

3̂ 
3̂ 

"̂
3 

3̂ 
3̂ 

"̂
3 • 

3̂ 
TO

 
3̂ 

3̂ 
"O

 
"O

 
3̂ 

^
3' ̂

3 
3̂ 

^O
 

"O
 

3̂ 
3̂ 

3̂ 
T

3' T
3 

3̂ 
3̂ 

3̂ 
T

3 
3̂ 

3̂ 
3̂ 

3̂ 
3̂ 

3̂
co 

co 
co 

co 
(0 

cO 
cO • co 

co 
cO

' co 
co 

co 
co 

co 
co 

co 
co 

co 
TO 

co 
co 

co 
co 

co 
co 

co 
co 

co 
co' co 

co 
co 

cO 
co 

cO 
co

CD 
CD 

CD 
CO 

CD 
CO 

CD 
CD 

C
D

C
D

C
D

C
D

C
D 

C
D

C
D 

CD 
CD 

CO 
CD 

CD 
CD 

CO 
CO 

CD 
CD 

C
D

C
D 

CO 
CO 

CD 
CD 

CD 
CD 

CD 
CD 

CO 
CD

C
 
£

 
£

:
£

;
£

'.
£
 
£

;
£

•
£

.
£

!
£

•
£

!
£

 
.C

 
.C

 
.C

 
£

 
£

 
£

 
JC

 
£
 
£
 
£

 
.C
 
£

 
£

 j £
 

.C
 
£

 
.C

 
.C
 
£

 
£

 
.C

 
.C
 
^

 £
3

 "5
 3

 "5
 "5

 "5
 "5

 "5
!"5

 "
s
:^

 "S
i's "5

 "5
'3

:"5
 "

5
3

 "5
 "5

;"3
:"5

 "5
 "5

 3
:3

 
3

 
"3
 3

3
3

3
3

3
3

3
CO CO CO CO.CO CO C

Q
C

Q
C

Q
C

Q
: CO C

O
C

O C
O

C
O C

O
C

O C
O

C
O CO CQ:CO CO C

O
C

O
C

Q CO CQ
'CQ C

O
C

O 
CO CO CO CO CO CQ

c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c

!c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c
 
c

'c
 
c
 
c

c
c

c
c

c
c

c
c

5
 
5

5
 

5
5

 
5

5
5

 
5

 
5

5
5

 
5

 
5

 
5

5
 

5
 
5

 
5
 
5

5
5

5
5

5
 
5

5
 

5
 
5

 
5

 
5

 
5

 
5

 
5

 5
o

 
o

o
o

o
 

0
:

o
 

o
 

o
 
o
 

o
 

o
 o

CO 
CQ 

CQ 
CO 

CQ 
CO 

CO 
CO 

CQ 
CO 

CO 
00

 CO 
CQ 

CO 
CO 

CO 
CO 

CQ CO 
CO 

CO 
CQ 

CO 
CQ 

CQ 
CO 

CO 
CO 

CO 
CO 

CQ 
CQ 

CQ 
03 

CQ CQ

c
o

n
c

o
p

o
o

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o ro
 co <<t -^ -<t 

•* •*•«*• 
•<

i-'<
tT

j-T
}-'^--«

t'«
tT

fT
t'*'«

i-T
tT

}-
C

N
 

C
N

 
C

M
 

CNI 
C

M
 

C
M

 
C

M
 

C
N

 
C

M
 

C
M

 
C

M
 

C
M

 
C

M
 

C
M

 
C

M
 

C
M

 
C

M
 

C
N

 
C

N
 

C
N

 
C

M
 

C
N

 
C

N
 

C
M

 
C

M
 

C
M

 
C

M
 

C
M

C
M

C
M

C
N

C
N

C
N

C
N

C
N

C
N

C
N

8 8
.8 8 8 8 8 8

-8 8 8 8 8
.8 8 8 8

8
8

c
o

w
c

0
c

/)i/>
c

y
)c

/>
(/>

t0
i/>

co w
 iw

 
to

 co
 g

 
,£

 
&

 &
 •£

 
.

f
f

.
f

f
.

f
f

.
f

f
.

S
.

f
f

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

a: or araio
;a;o

;a:o
;a;o

;o
;a:aio

;Q
:a:o

io
;

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o 

o
o

o
 

o
 
o
 

o
 
o
 

o
 
o
 
o
 
o
 
o
 

o
 
o
 
o
 

o
 
o
 
o
 
o

«
i
<

<
<

«
i
<

i
<

<
«

i
<

<
<

<
<

<
<

<
<

^
a
^

^
^

a
^

^
Q

-
C

L
Q

-
Q

-
C

L
Q

-
Q

-
Q

-
Q

-
Q

-
D

-
X

X
X

 
X

X
 X

X
X

X
X

X
X

X
X

X
X

X
X

"
>

t
/

)
t'>

w
<

''
t'>

c
o

c
o

c
o

c
/

>
c

o
c

o
t

o
t

o
c

o
io

t
o

<
O

(
O

m
c

o
c

o
c

Q
c

a
c

o
c

o
c

Q
c

o co m
 

m
 m

 m
 C

Q
 co co

 m
 .9

-.9
-.9

-.9
-.9

-.9
-J

-.9
-.9

-.9
-.9

-.9
-.9

-.9
-.9

-.9
-.9

-.9
-.9

-
.

.
Q

.O
.C

L
C

L
O

.Q
.Q

.O
.C

L
Q

.Q
.Q

.Q
.C

L
Q

.O
.C

L
Q

-
C

L

CMCMO
)



42

tiortsI

norganics

CO)̂J2rs

l»

O
)
O
)
o
>
o
)
o
>
o
>
o
>
o
>
o
)
O
)
O
)
O
)
G
)
 o
v
o
 o)*o> a

)
o
>
o
o
>
o
a
)
a
>
a
)
O
)
0
)
a
)
O
>

o
>
o
>
o
>
o
>
G
)
o
>
o
>
o
>
o
)
o
>
o
>
o
)
G
)
O
)
o
>
o
>
O
)
G
>
o
>
o
)
G
)
O
)
O
)
o
>
o
)
o
>
o
>
o
)
G
>

i 
i 

> 
i 

i 
i 

i 
I 

i 
i 

i 
I 

I 
I 

I 
r 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

I
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

i
i

i
c

c
c

c
c

c
c

c

4
4

4
4

4
4

4
4

4
4

4
4

4
4

4
'»

4
4

-
*

r
4

'4
-

4
4

4
4

C
N

C
N0)O
)

CO
0
.

O
) 

O
) 

O
) (O

) O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
) 

O
> 

O
> O

) 
O

)) O
> 

O
) 

O
> 

O
) 

0>
 

CO 
O

) 
O

) 
O

) 
O

) 
O

> 
O

) 
O

) 
O

> 
O

) 
O

) 
O

) 
O

) 
O

) 
O

) 
O

) 
O

)

> o 
o> o> o) u> en o> o) O

T o) o) o> a> o) 1 u>! o> ro
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
ja

^
o

) o> a>
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

E
E

T
-
 
O

 
O

o
o

o
O

T
-

O
O

{
\
I
O

C
O

*
-

O
O

o
o

o
o

 
^- o

 
o

 
CM

 o
 

in

E
E

§
1

 c

lU
§

E
|

 
>, 

£
 
E
 
|

iliJ
lg

lliilll
|

8
 

E
 
E

 
i

g
i

i
g-

C
Q

C
Q

O
D

d
a

c
Q

C
Q

C
D

Q
Q

C
Q

O
Q

C
D

C
D C

O
(O

D
O

Q
C
O
! C
O
 
C
Q
 
0
0
 
C
O
 
0
0
 
C
O
 
C
O
 
CO
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
C
O
 
CO
 
CO
 
CO
 
C
O
 
CO

.£,£;
 £
*
£
 £

 •£ £
 £
 £

oooo
C

O
<

O
o

o
o

o
o

o
o

o
o

o
c

o
a

o
a

o
o

o
c

o
a

o
(O

C
O

C
O

C
O

C
O

C
O

(O
C

O
C

O
C

O
 

C
O

, ao oo 
oo 

ao
CO

 
(O

,(O
 

CO
ooC

D
a

)a
)O

)O
o

>
a

>
o

>
O

)O
>

o
>

c
D

O
)O

)O
)O

>
a

)O
)a

>
O

)
C

O
C

O
C

O
C

O
C

D
C

O
tD

C
D

C
D

C
D

tO
C

D
C

O
tD

C
D

C
O

C
O

C
Q

C
O

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
 c
,
c
 
c
c
c
c
c
c
c
c
c
c
c

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
 o
 o

o
o
o
o
o
o
o
o
o
o

0
.
0
.
0
-
0
.
0
.
0
.
0
.
0
-
0
.
0
.
0
.
0
.
0
.
0
.
0
.
0
.
0
.
0
-
0
.
0
-
0
-
0
-
'
 
" 

"
0
-
0
-
0
-
0
-
0
.
0
-

c
c
c
c
c
c
c
c
c
c

o
o
o
o
o
o
o
o
o
o

Q
-
Q
.
Q
-
Q
-
Q
.
Q
-
Q
-
Q
-
Q
-
Q
.

<
<

i
i
i
 x
!x
 x
x
x
x
x
x
x
x
x
x
x
i
x
x
i
x
x
x
i
x
x

i
x
r
x
x
x
i
i
x
x
i
x
i
i
i
 x

!x
 x
x
x
x
x
x
x
x
x
x
x
i
x
x
i
x
x
x
i
x
x

C
Q

C
Q

O
Q

C
Q

C
Q

O
Q

C
Q

C
lC

Q
O

Q
C

D
C

D
C

Q
C

Q
O

D
C

D
C

Q
O

Q
C

Q
O

Q
O

Q
C

D
C

Q
D

Q
C

D
tD

C
D

C
Q

C
D

C
Q

O
Q

C
D

C
D

C
Q

C
Q

C
Q

C
D

C
Q

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
I

X
X

X
X

X
X

X
I

X
X

X
X

X
X

I
X

X
X

X
X

X
X



8
O

) 
O

) 
O

>
 

O
) 

O
>

O
) 

O
> 

O
) 

O
) 

O
>

c
 

c
 
c
 
c
 
c

D
 
3
 
3

 
3

 
D

"? "? ~? 7
 

-?
^

 -*t «fr <<f

O
)
O

>
O

)
0

>
0

)
O

)
O

>
O

)
O

>
 

O
5 

O
>

 
O

>
 

O
> 

O
> 

O
) 

O
>

c
 
c

3
 
3

•?
 7

•>*• 
•*

0) o
 

G)
O

) 
O

) 
O

)
I 

I 
I

c
 
c
 
c

3
3

3

S
O

) 
O

>
, 

9
 
9

c
 
c
 
c

3
3

3
c

c
c

3
3

3
c

c
3

3
C

 
C

 
C

3
3

3
C

 
C

 
C

3
3

3

O
)

C7>C3

C
M

C
Mcoa.

D
 
ID

 D

S
iH

tm
tS

iU
*.***!-!.-,..

_
_

z
.c

.c
-
C

-
c

.c
.c

:.c
:.c

:.c
:.c

:.c
:.c

.C
-
C

.c
:.c

:.c
.c

.c
.c

.c
.c

:.c
jc

:-
C

-
c

.c
:-

c
:.c

.c
-
c

.
O

> 
O

) 
O

> 
O

> 
O

) 
O

)- 4O
> 

O
) 

O
> 

D
)i O

> 
O

) 
O

X
 O

) 5 O
) 

O
) 

O
) 

O
) 

O
>

! O
) 

O
> 

O
> 

O
> 

O
> 

O
) 

O
) 

O
) 

O
) 

O
) 

O
> 

O
> 

O
3 

O
5 

Q
>

(A4-<a>wo'EreE?oc

«
 3

5
S

S
5

5
5

5
£

f
*

s
*

5
£

£
s

s
£

£
£

*
3

£
*

£
*

£
£

*
I
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

O
) 

O
 

O
>
 

O
) 

O
) 

O
>
 

O
)i 0

) 
o

) 
O

) 
u
) 

Q
>
 
O

) 
O

) 
O

>
 

D
) 

O
) 

O
>

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

0
)

.fl)

co
o

 
<N o

 
"? *". 

"?
o

-
r

-
o

o
c

N
O

i
n

^
-

o
o

inc>
o
 o

 o

E
|

Ii^
ilL

sCDCO

o> o> o) o> a) 
o>

E
E

E
E

E
E

in
 in

 
in

 c^
o
 
ci CM

 o' in

,_
| 

||
*

 
®
 
5
 1

 
c
 o

.y
 

CD
 =

 .c
 

ro E
2

 
C

O
 £/> H

 >
 
N

C
Oo>re

C
O

C
O

C
O

M
I

O
C

O
C

O
C

O
C

O
C

O
I

O
C

O
I

O
C

O
C

O
<

O
C

O
C

O
C

O
C

O
C

O
C

O
(

/
>

M
(

O
C

Q
C

O
C

O
C

O
C

O
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
c

o
rf\ 

m
 

er\ 
m

 
m

 
m

 
rf\ 

ff\ 
m

 
rf\ 

m
 

m
 

rf\ 
m

 
m

3
 
s
'
S
'
S
'
S
'
S
'
S
'
S
'
S
'
S
'
S
'
S
'
S
'
S
'
S

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Q
) 

Q
) 

O
 

O
 

C
O

 0) 
03 

Q
) 

Q
) 

0) 
Q

) 
0) 

4) 
Q

) 
Q

)
O

> 
O

) 
O

) 
O

> 
O

) 
O

) 
O

) 
O

) 
O

> 
O

> 
O

> 
O

> 
O

) 
O

) 
O

)

CO 
CO 

CO 
to

co 
co

CO 
CO

£
 £

3
 
3

o
 
o

E
 E

CO 
CD

O
) 

O
>

CO 
CO

m
 m

£
 £

3
 
3

(OCO
V

)
<o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

t
o

c
o

c
o

c
o

c
o

O
Q

C
Q

C
Q

C
O

C
O

C
O

C
O

C
Q

C
O

C
Q

C
O CO CO CO 

CO CO

C
/} 

<f>
co 

co
co 

co
CO 

CO

CD 
CD

O
) 

p
>

£
 £

 £
 £

 £
3

3
3

3
3

CD 
fl) 

CD 
CD 

CO 
CD

.c
 
.c

 
.c

 
.c

3
 
3

O
 

O
E

 
E

0) 
C

D
CD

3
3

3
3

3
3

3
o
o
o
o
o
o
o

E
E
E
E
E
E
E

C
D

C
U

C
U

C
D

C
D

C
D

C
D

3
 
3

O
 

O
E

 E
(U

 
C

O
O

) 
O

J
(

O
C

O
C

O
C

O
C

O
C

O
C

O
C

O
C

O
C

O
C

O
CO 

CO
 

CO
 

(0
_
l _

l _
l _1

pj> 
O

X
 
O

), O
>

O
>

O
>

O
>

O
>

O
>

O
)

O
)

O
)

O
>

C
J

>
O

>
O

>

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

t
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

c
o

'ft
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

• - 
-
 0)

 
0> 

OD 
Q
)
 
0
 

Q
)
 
(D
 
Q)
 
0)
 
Q

 
<D 

0>
 
0)
 
Q)
 
(D

 
0>
 
0>
 
(D
 
(D
 

OJ 
(D
 
0)
 
O
 
(D
 
O
 

(D
 
fl>

 
03 

0> 
Q
)
 
03 

0)
 
0)

 
Cl) 

0
 

0
 
0)

;;' 
^_

i 
*_

• 
4_rf 

4_t 
^»f 

^_* 
.**

 
^
^
 

^
^

 
»̂r 

^_» 
+

^
 

^_rf 
^_» 

.4̂
 

^_rf 
^_

, 
^

 
^
rf 

^_rf 
4
^
 

^
^
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ŵ
^
 O)

 O)
 O)

 O)
 O)

 O)
 O)

 O)
 O)

 O)
 O
)
 O)

 C7) O)
 O)

 O)
 CJ) O)

 O)
 O)

 Q)
 O)

 O)
 O> O)

 O)
 O)

 O)
 O)

 O)
 O)

 O
)
 O)

 O> 
O)

 O> 
Q)
 O)

 Ô
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Table 9.4.6 Individual Fish Data (Group)
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